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Predicting the 3D Secondary Structure of RNA Molecules
MarioVillada-Balbuena, OscarTaxilaga-Zetina,MauricioD.Carbajal-Tinoco.
Cinvestav-IPN, Me´xico D.F., Mexico.
From a number of crystallographic structures of high molecular weight RNA
molecules, we derived a set of effective potentials that describe the interac-
tions between nucleotide centroids. Using this information, we developed a
new Force Field that was implemented in a Molecular Dynamics code whose
objective is to describe the three-dimensional folding of RNA molecules. The
acceptance criterion for the resulting structures from MD simulations is
through the minimum potential energy. Our simulated structures were
compared to experimental NMR results and we found a good structural sim-
ilarity measured by the RMSD.
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The Structure of the Disease-Associated (GGGGCC)N Repeat from the
C9ORF72 Gene
Bita Zamiri1, Kaalak Reddy2, Christopher E. Pearson2,
Robert B. Macgregor, Jr.1.
1Pharmacy, University of Toronto, Toronto, ON, Canada, 2University of
Toronto, Toronto, ON, Canada.
Amyotrophic lateral sclerosis (ALS), also known as lou gehrig’s disease, Is a
fatal neurodegenerative disorder for which there are currently no effective ther-
apies. It was recently reported that an expansion of a (GGGGCC)(GGCCCC)
hexanucleotide repeat within a non-coding region of C9ORF72 causes
ALS and FTD. Unaffected individuals have 2-19 repeats and individuals
with as few as 20-25 repeats may show symptoms of disease, while those
affected can have 250-1600 repeats. We have demonstrated that the
(GGGGCC)N RNA and DNA forms extremely stable G-quadruplex struc-
tures. we also report the binding of tmpyp4 to the ALS-FTD r(GGGGCC)
N and D(GGGGCC)N repeat using gel mobility-shift assays, circular dichro-
ism (CD) spectroscopy, UV spectroscopy and isothermal titration calorimetry
(ITC). Additionally, we report that TMPYP4 competes with and can displace
ASF/SF2 and hnrnpa1 purified proteins from the ALS-FTD-associated
R(GGGGCC)8 repeat.
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NMR Spectroscopy of Riboswitches using In Vivo Labeled RNAs
Rachel E. Brown1, My T. Le2, Andrew P. Longhini1, Theodore K. Dayie1.
1Department of Chemistry & Biochemistry, University of Maryland, College
Park, MD, USA, 2Department of Cell Biology and Molecular Genetics,
University of Maryland, College Park, MD, USA.
In the last two decades, RNA has emerged as more than a messenger molecule.
RNA has numerous functions, including enzymatic activity and regulation of
gene expression. Critical gene expression in numerous pathogenic bacteria is
controlled by riboswitches, folded RNA structures located in the untranslated
regions of mRNAs. Riboswitches have folded aptamer domains that change
shape upon metabolite binding to modulate the transcription or translation of
the downstreammRNA. The exploitation of riboswitches as potential therapeu-
tic targets requires a detailed understanding of their three-dimensional architec-
ture and dynamics.
Nuclear Magnetic Resonance (NMR) spectroscopy is an attractive method of
studying RNA structure and dynamics in solution, without worrying about crys-
tallization. However, two disadvantages of NMRmust be overcome, especially
when studying molecules of large molecular weight: spectral overlap of
resonances and broadened linewidths. Furthermore, common methods of
RNA purification involve denaturation and renaturation of the RNA, leading
to misfolded RNAs in the sample.
The resolution and sensitivity of NMR spectra can be significantly improved
by the site-specific labeling of RNA with NMR-active isotopes, 15N and 13C.
Using genetically engineered E. coli mutants, we have developed a method
for large-scale, in vivo production of site-specifically labeled RNA. To pre-
vent the RNA from being degraded by nucleases in the cell before it can be
harvested, our construct includes a tRNA scaffold that disguises the RNA of
interest. Our purification protocol excludes commonly-used denaturation
steps, allowing the RNA to maintain its co-transcriptional fold. We will
showcase our efforts to streamline in vivo labeling for selected riboswitches.
Our long-term goal is to determine how these riboswitches change from
an unfolded structure to one with the ability to recognize their cognate
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Molecular Determinants of Ligand Recognition in the preQ1 Riboswitch:
Quantitating the Effect of 7-Aminomethyl Modifications in a Series of
preQ1 Analogs
Jenna M. Davison, Neilson K. Neilson, Mallory N. Pahl, Ian T. Suydam.
Seattle University, Seattle, WA, USA.
The preQ1 riboswitch regulates genes responsible for the production of
queuosine modified tRNAs in a number of bacterial species. Similar to other
riboswitch mechanisms a binding event between the metabolite preQ1 and
the 5’-untranslated region of the regulated operon stabilizes an alternative
RNA fold, leading to a down regulation of protein production at the tran-
scriptional or translational level. Several studies have investigated the metab-
olite/RNA contacts responsible for the high affinity and selectivity of this
binding event, but the contribution of functional groups at the 7-aminomethyl
position has not been fully described. The goal of our current work is to
quantitate these contributions through the synthesis of three classes of
preQ1 analogs, each containing modifications at the 7-aminomethyl position
(N-alkyl analogs, charge neutral hydroxyl analogs, and a series of 7-carbonyl
analogs). Progress toward the synthesis of these targets and the determination
of their binding affinities using a fluorescence-based assay will be presented.
The solution pKa value of preQ1 and several analogs will also be reported
and discussed in the context of available structural data for the preQ1
riboswitch.
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The Snakelike Chain Character of Unstructured RNA
David R. Jacobson, Dustin B. McIntosh, Omar A. Saleh.
University of California, Santa Barbara, Santa Barbara, CA, USA.
The three-dimensional conformation of RNA is governed by a number of
physical and chemical factors. However, in the absence of base-pairing and
tertiary structure, unstructured RNA assumes a random-walk conformation
dominated by the electrostatic self-repulsion of its charged, flexible back-
bone. This behavior is often modeled as a ‘‘wormlike chain’’ (WLC) with
an electrostatics-dependent persistence length. However, through measure-
ments of the end-to-end extension and ion atmosphere of poly(U) RNA
stretched by 0.1-10 pN applied force, we find that the WLC model does
not adequately describe the behavior of unstructured RNA. Instead, we find
that our data are well described by a ‘‘snakelike chain’’ (SLC) model.
The SLC model is characterized by smooth bending on long length scales
and ion-stabilized crumpling on short length scales. We see signatures of
both regimes in our extension vs. force data: a low-force power-law charac-
teristic of a chain of swollen blobs on long length scales and a high-force re-
gion of increasing compliance with ion valence, consistent with increased
conformational stabilization, on short length scales. In monovalent salt, we
find the crossover between the two regimes (SLC blob size) to scale with
the Debye screening length, indicating the determining importance of
electrostatics.
By systematically varying force and bulk salt concentration, we measure the
change in the number of ions associated with the RNA as it is stretched. We
find that ions are liberated during stretching. This is consistent with the SLC
picture: ions that stabilize the short-length-scale crumples are released when
those crumples are mechanically straightened. Additionally, we observe the
number of ions liberated increases with increasing bulk salt concentration;
this is consistent with the SLC model, but contradicts the WLC model with
electrostatics-dependent persistence length.
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Comparing RNA Kissing Interactions at Single-Molecule and Ensemble
Levels
William Stephenson, Papa Nii Asare-Okai, Scott Tenenbaum, Daniele Fabris,
Pan T.X. Li.
University at Albnay, SUNY, Albany, NY, USA.
Single-molecule and ensemble techniques are employed to take different per-
spectives to complex, heterogeneous systems. The challenge remains whether
we can interpret results from the two different approaches using a unified
thermodynamic framework, despite the differences in experimental proce-
dures and conditions? In RNA mediated gene regulations, RNA kissing
complexes, a type of loop-loop interaction, play a critical role in speeding
RNA-RNA interactions. However, to form a kissing complex, a regulatory
hairpin must compete with RNAs for various targets and non-targets. To
probe such an interacting network, we use optical tweezers to determine
